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The invention relates to substan- 
tially pure transfer factor with a specif- 
ic activity of at least 5000 units per ab- 
sorbance unit at 214 nm. The present 
invention also relates to a process for 
preparing the transfer factor from cell 
lysates. The present invention includes 
the use of substantially pure transfer 
factor with a specific activity of at least 
5000 units per absorbance unit at 214 
nm to treat infectious diseases. 
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TRANSFER FACTOR AND METHODS OF USE 

Field of Invention 

This invention relates to the transfer of cell-mediated 
immnniiy by administering substantially pure transfer factors to a human or 
animal. More particularly, it relates to processes for obtaining the 
substantially pure transfer factors, the substantially pure transfer factors 
themselves, and methods of using the substantially pure transfer factors to 
treat diseases. 

Background of the Invention 

The terais "antigenic determinant" and "epitope" are defined 
as the parts of a molecule that can interact specifically with either the cellular 
or the humoral products associated with the immune response. The terai 
"antigen" is defined as anjrthing that can serve as a target for an immune 
response. The immune response can be either cellular or humoral. The 
terai "cell mediated immunity" is defined as an immune response mediated 
by cells rather than by antibody. The term "delayed type hypersensitivity" 
is defined as a T-lyraphocyte-mediated inflammatory response that occurs in 
close proximity to the site of injection or application of the inciting antigen. 
It includes, but is not limited to, delayed type hypersensitivity and cytotoxic 
T cells. A "hapten" is defined herein as a substance that reacts selectively 
wth appropriate antibodies or T cells but the hapten itself is usually not 
inmiunogenic. Most haptens are small molecules or small parts of large 
molecules, but some macromolecules can also function as haptens. The 
temi "antibody" means molecules that also bind antigens, however, they are 



distinguished from transfer factor in that the nK^lecnlar weight of antibodies 
is between approxiamtely 160,000 Daltons and 1,000,000 Daltons. 

Transf^- factors have been defined as a dialyzable material 
or family of materials that can be extracted from lymphoid cells of humans 
and certain other animals 2ind have the capacity to transfer immune 
responses from one individual to another, even across species. The material 
is a substance obtained from leukocytes, usually lysed, from humans and 
other vertebrates that have been sensitized so as to express delayed type 
hypersensitivity or other cell mediated responses to a sensitizing antigen. 
Transfer factor binds homologous antigen and has the capacity to mediate 
transfer of delayed type hypersensitivity and oth^ cell mediated immune 
responses irom one individual to another. In such a situation the individual 
fixim whom the transfer factor is obtained has been sensitized to the antigen 
of interest 

Notwithstanding the above properties, the transfer factors 
are smaller than antibodies, and do not transfer antibody mediated 
responses, nor do they induce antibody production^^-^^ These properties 
of transfer factor are also described by Spider et al. which discusses a 
"transfer factor" seeing from the leukocytes of healthy donors."^ The 
matCTial suppresses disease symptoms, Spitla: et al. describe the material as 
being heat stable, and having a molecular weight of less than 20,000 
Daltons. It is secured by lysing leukocytes, and then incubating the lysate 
with Mg+2 and DNase, followai by filtration through a millipcxre filter. 

There have been numerous additional attempts to characterize 
the substance referred to as transfer factor, these being reported in both the 
scientific and patent literature. In all of these reports, tiie transfer factor 
material was a crude fraction of cell lysate. To the inventors knowledge, no 
one has {sxKluced a substantially pure transfer factor. Baram et aL 
fractionated human leukocyte extracts through ion exchange 
chromatography, using diethylaminoethyl cellulose (DEAE).^ This work 
was continued and, as reported by Baram et aL, gel filtration and paper 
diromatc^r^hy were used to further fi:actionate human leukocyte extracts.^ 
Among the conclusions presented by this work was that transfer factor 
contained nucleosides. Work by Lawrence et at using gel filtration 
chromatography on leukocyte extracts of sensitized humans, led to a 



proposal that transfer factor is (i) water soluble (ii) dialyzable, (iii) has a 
molecular weight of less than 10,000 Daltons, (iv) was resistant to 
deoxyribonuclease, ribonuclease and trypsin digestion, and (v) possessed a 
chromatographic peak showing greater absorbance at 260 nm than at 280 
nmJ'S'^ This combination of factors led to a proposal that transfer factor 
was a small, ribonuclease resistant polyribonucleotide. 

Progress toward the molecular characterization of transfer 
factors has been slow, limited largely by the lack of an adequate purification 
methodology and the need for quantitative assay metiiods. It has been 
shown tiiat molecules having transfer factor activity are relatively small, Le. 
less than 6000 Daltons, hydrophilic, and polar in native form. 
Furthermore, transfer factor activity survives heating at 56°C, but not at 
75*'C, for 30 minutes, and at least brief exposure to 95% etiianol. Results 
from enzyme sensitivity and activity depletion studies have i)roduced results 
compatible with a nucleopeptide or nucleoprotein model for the stracture of 
transfer factors. Caution must be used in interpreting prior art results, 
however, because impure preparations were studied and quantitative 
detemiinations were not performed. Thus, the molecular nature of transfer 
factors is, as yet, not well understood. 

The inclination toward the assumption that a nucleotide or 
nucleoside was a part of the transfer factor molecule was continued by 
Gottiieb et al.io,ii.i2 Gottiieb differentiated transfer factors from immune 
modulators (the '379 patent), and amplifiers (the *079 patent). In the Lancet 
publication, Gottiieb postulated that transfer factor consisted of 12 amino 
acids and an oligonucleotide. As a result, research focused on the study of 
eluates at wavelengths of 254 nm or greater. Many reports noted high 
254/260 nm to 280 nm absorbance ratios, again suggesting oligonucleotides 
as part of the transfer factor fraction.i3»i4;i5.i6.i7.i8,i9,20,2i Similarly, 
Warren hypothesizes a molecule of a molecular weight of from 5000 to 
10,000 Daltons containing protein and RNA.22 Goust et aL dt "Ibes 
dialyzable transfer factor as a mixture of molecules of moleculai Jght 
generally from 4000 to 7000 Daltons and containing a ribonucleotide.^^ 
Again, Wilson etal?^ describes three forms of transfer factor, all of which 
contain a nucleotide moiety and a peptide moiety. (Note column 11 of this 
reference.) 



The progress that has been made in characterizing the impure 
transfer factor niaterial is surnmarized in a review by Kirkpatric^ In that 
review, the dialyzable material that contains transfer factor activity is 
described as a polypeptide with a molecular weight of between 4000 and 
6000 Daltons and is protease sensitive. The transfer factor material 
apparently binds specifically to antigcn.26 The review states that the 
presence of nucleic acids, ribose, and phosphodiester groups has not b%n 
ruled out^ Thus, the physical characteristics of the transfer factor material 
could not be definitively determined because substantially pure material had 
not been isolated 

It will be seen that the prior art in this field has suggested 
that transfer factor is a nucleotid^protein complex. However, because a 
substantially pure transfer factor has not been isolated, it is not possible to 
conclusively characterize the transfer factor material 

Interest in the molecule and its structure has, if anything, 
increased because of its therapeutic efficacy. Apart from therapeutic uses 
described by the refCTences set forth above, reference may be made, e.g., to 
Viza et al.^^ suggesting transfer factor therapy for Herpes simplex virus. 
One also notes Warren,^^ describing dermatological efficacy for blemishes, 
acne, condyloma and HS V. The transfer factor fraction has been shown to 
be efficacious against C. albicans ^ as shown in Kirkpatrick et al.?^ the 
disclosure of which is incorporated by nrference. Additional showings of 
efficacy against Herpes simplex may be found-31^233 Varicella zoster 
infection has been prevented with transfer factor.^ Transfer factor has 
showed efficacy against cryptosporidiosis in AIDs patients.35*36 pjx of 
these studies were performed with only pardally purified transfer factor 
firactions. No clinical or biochemical studies have been performed to date 
with substantially pure transfer factor material because of the difficulty in 
isolating and characterizing pure transfer factor material 

As can be seen by the foregoing review of the literature on 
transfer factor, the isolation and characterization of a substantially pure 
transfer factor material has eluded the research community for over thirty 
years. Despite keen scientific and clinical interests, and after deducing 
several important physical parameters about the elusive transfer factor 



material, the actual physical isolation of substantially pure material has not 
been possible. 

What is needed is substantially pure transfer factor material. 
With substantially pure material in hand, it would be possible to sequence 
the material and produce the material either chemically or by recombinant 
methods. These molecules could then be administered to humans or 
animals thereby transferring immunity to a specific antigen or epitope. 
Substantially pure transfer factor could be niade to treat already infected 
humans or animals or could be used to prevent disease. Isolation and 
purification of substantially pure transfer factor would be of great benefit to 
die treatment of disease. 

Summary of the Invention 

The present invention provides for purified transfer factor, a 
method of producing purified transfer factor, and methods of treating 
various diseases with the purified transfer factor. Because the purification 
methods disclosed in this application apply to the isolation of any transfer 
factor that is specific for any antigen, it is contemplated that the present 
invention includes any substantially pure transfer factor with a specific 
activity greater than 5,000 units per AU214- It is estimated that the prior art 
transfer factor preparations known to the inventor have a specific activity of 
no more than approximately 1,000 units per absorbance unit at 214 nm. 

The present invention includes substantially pure transfer 
factors that are isolated from natural sources or are produced synthetically. 
Substantially pure transfer factors from either source can be used according 
to the present invention to treat a wide variety of pathological conditions. 
For example, a transfer factor or factors that transfer cell mediated immunity 
against Herpes simplex virus can be used either to treat a Herpes simplex 
infection or to protect a human firom Herpes simplex infection. 

The advantages of using transfer factors to inq)art immunity 
are many. They include speed of transfer of immunity. Immunity to a 
specific antigen can be detected in as little as several hours after 
administration of the transfer factor. This is a vast improvement over 
conventional immunization which can take weeks or months to impart 
protection. 
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Because each unique transfer factor molecule is thought to 
transfer immunity to a specific antigen or epitope, several different transfer 
factor molecules specific for different antigens can be admixed to custom 
design a complex immune response. 
5 The substantially pure transfer factor allows one to determine 

the amino acid sequence of a particular transfa factor and, given this 
information, one can synthesize the transfer factor either chemically or by 
recombinant methods. Thus, as a result of the present invention, large 
quantities of transfer factor can now be produced. This will allow transfer 
10 of a desired immime response to large numbers of humans or animals. 

In addition, the storage of transfer factor is another 
advantage. Transfer factor molecules that are contemplated as part of the 
present invention are very stable. Thus, according to the presrat invention, 
the transfer factor molecules do not require extraordinary precaution to 
IS maintain or administer the material 

Accordingly, it is an object of the present invention to 
provide a substantially pure transfer factor. 

It is another object of the present invention to provide a 
substantially pure transfer factor with a specific activity of at least 5000 
20 units per AU214. 

It is yet another object of the present invention to provide a 
substantially pure transfer factor that can be administered to a human or 
aninial to transfer a desired iiimaine respcmse. 

It is another object of the present invention to provide a 
25 method of prodirang a substantially pure transfer factor from cell lysate. 

It is another object of the present invention to provide a 
substantially pure transfer factor for treatmg infectious diseases. 

It is another object of the present invration to provide a 
substantially pure transfer factor for protecting against infectious diseases. 
30 It is yet another object of the present invention to provide for 

a substantially pure transfer factor specific for viruses such as Herpes 
simplex^ Herpes zoster, cytomegalovirus measles, HTV, and other viruses 
that cause disease in humans and animals. 
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It is another object of the present invention to provide for a 
substantially pure transfer factor specific for fungi such as Candida albicans, 
Histoplasma capsulatum, coccidioidies imndtis, andPnewnocystus carinii. 

It is yet another object of the present invention to provide for 
5 a substantially pure transfer factor specific for mycobacteria including 

Mycobacteria leprae, Mycobacterium tuberculosis, and Mycobacterium 
avium complex. 

It is yet another object of the present invention to provide for 
a substantially pure transfer factor specific for parasites such as 
10 Cryptosporidia, isospora, leishmania species, cocidioides and other 

parasites that infect humans and animals. 

It is yet another object of the present invention to provide for 
a substantially pure transfer factor spedfic for protozoa. 

It is yet another object of the present invention to provide for 
15 a substantially pure transfer factor that can be isolated from one species and 

used to transfer immunity to another species. 

It is yet another object of the present invention to provide for 
a substantially pure transfer factor that can be administered orally. 

These and other objects, features and advantages of the 
20 present invention will become apparent after a review of the following 

detailed description of the disclosed embodiment and the appended claims. 

Brief Description of the Figures 

Fig. 1 is a schematic of the strategy used to purify transfer 

25 factor. 

Fig. 2 shows dose-response relationships for dialysates of 
lysed splenocytes which contain transfer factor. 

Fig. 3 shows the dose response relationship for transfer 
factor after afBni^ purification. 
30 Fig. 4 shows reversed phase high pressure liquid 

chromatography of affinity purified ferritin specific transfer factor. 

Fig. 5 shows reversed phase high pressure liquid 
chromatography of affinity purified ovalbumin specific transfer factor. 

Fig. 6 shows dose response relationships for reversed phase 
35 high pressure liquid chroniiatography purified transfer factor. 
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Fig. 7 depicts analysis of reversed phase high pressure 
liquid chromatography fractions of ferritin specific transfer factor. 

Fig. 8 presents polytypic chromatography of affinity and 
revOTsed phase high pressure liquid chromatography purified transfer factor 
5 on gel filtration high pressure liquid chromatography columns. 

Fig. 9 presents activity data for transfer factor for ferritin, 
fiTom individual fractions of polytypic gel filtration high pressure liquid 
chromatography. 

Fig. 10 shows dose response relationships for the fi:action 
10 described in Fig. 8. 

Fig. 11 presents gel filtration chromatography of a transfer 
factor firaction as in Hg. 8. 

Fig. 12 shows a standard curve obtained from gel filtration 
chromatography of molecular weight markers. 
15 Fig. 13 shows the UV absorbance spectrum of a ferritin 

specific transfer factor. 

Fig. 14 depicts antigen specificity for highly purified transfer 

factor. 

Fig. 15 A shows the elution profile fix)m a reduction and 
20 alkylation blank san^le. 

Fig. 15B shows the elution profile from a reduction and 
alkylaticm sample of transfer factor. 

Hg. 16A shows a Sephadex GIO elution profile for control 

sample 

25 Fig. IfiB shows a Sephadex GIO elution profile for Fraction 

in transfer factor. 

Fig. 17 shows an SDS-polyacrylannde gel electrophoresis 
profile of transfer factor under non-reducing conditions. 

Fig. 18A is the control elution profile for the trypsin 
30 digestion of transfer factor. 

Fig. 18B shows elution profiles for Fraction AUI ferritin- 
spedfic transfiar factor afta- trypsin digestion. 

Fig. 19A is the control elution profile of transfer factor 
digested with V8 protease. 
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Fig* 19B is the elution profile of chicken egg albumin- 
specific transfer factor digested with V8 protease. 

Fig. 19C is the elution profile of ferritin-specific transfer 
factor digested with V8 protease. 

Detailed Description 

The present invention comprises a substantially pure transfer 
factor and a method for preparing substantially pure transfer factor from 
natural sources. The present invention also comprises methods of treating 
various diseases with the substantially pure transfer factor. 

Specifically the present invention comprises a substantially 
pure transfer factor with a specific activity of at least 5000 units per AU214- 
The preferred specific activity is at least 10,000 units per AU214 witii the 
most preferred specific activity of at least 20,000 units per AU214 to 
60,000 units per AU214. The substantially pure transfer factor is a 
polypeptide with a molecular weight of approximately 4900 to 5500 
Daltons. The ^substantially pure transfer factor can transfer delayed type cell 
mediated immunity to a non-immune human or animal. 

The substantially pure transfer factor is effective in 
transfering cell mediated immunity in humans or animals for a wide variety 
of antigens or epitopes. The substantially pure transfer factor can be 
administered either by injection or can be administered orally. Injection can 
be intravenously, intramuscularly or subcutaneously or a combination of 
routes. 

When injected, die dose of transfer factor required to impart 
immunity to a human is between approximately 1 ng and 500 ng with a 
preferred dose range of between 25 ng and 250 ng with a most preferred 
dose of approximately 50 ng. The optimal dose for any particular transfer 
f actt>r will vary within the stated range. 

There is strong evidence that immunity against certain 
viruses, especially the human Herpes viruses, is dependent upon the cell- 
mediated immune system. Activation of cell-mediated iimnunity with a 
specific transfer factor would be expected to improve the normal 
mechanisms that act to clear active viral infections. A similar activation of 
specific immunity by a transfer factor can provide protective immunity 
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against the virus even before it is enconnterecL The latter proposal is 
supported by the report of Steele et al., in which children with acute 
leukemia were protected against chicken pox infections by administration of 
a Varicella zoster (chicken pox)-specific transfer factor firaction.^'^ It is 
important to consider the rapidity of action of transfer factors. The 
recipients acquire specific immunity in 24 to 48 hours. This is much more 
rapid than the 2 to 6 weeks required for induction of immunity by 
conventional vaccines. 

Tuberculosis, leprosy and infections caused by "atypical'* 
mycobacteria (i.e., Mycobacterium avium complex) may produce 
immunodeficiracy in the patients or may occur because the patient had an 
immune deficiency that allowed the organism to establish an infection. 
Sioiilar evidence exists for certain fungal infections. There is evidence that 
many patiOTts with these diseases have in^aiied cell mediated immunity and 
that these immune deficiencies may be corrected with a specific transfn 
factor. 

Mechanisms of immunity to intestinal parasites are variable. 
However, AIDS, a disease in which cell-mediated inmiunity is severely 
impaired has i>rovided evidence that certain parasitic diseases of man are 
related to cell-n^diated immune responses. These include cryptosporidiosis 
and isosporosis. A placebo controlled, clinical trial of specific transfer 
factor in patients with intestinal cryptosporidiosis showed significant 
beneficial responses in Ae transfer factor recipients.^ 

The observation of Steele et al.^ that chicken pox infections 
could be i»:evented by pretreatment of children with the appropriate transf ^ 
factor indicates an important role for transfer factors as agents to prevent 
cotain infectious diseases. Because transfer factors activate the cell 
naediated immune system and act very rapidly, they provide an important 
novel approach to prophylactic immunity that is not provided by currentiy 
used vaadnes (that are used because they stimulate antibody production). 
Specific exan:q)les include, but are not limited to: 

a. prevention of varicella; 

b. prevention of parasitic infections, i.e., cutaneous 
leishmaniasis, in travels to endemic areas; 
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c. prevention of cytomegalovirus infections in recipients of 
organ transplants; 

d. prevention of Pneumocystis carninii pneumonia in patients 
with cellular immunodeficiency because of viral infections 
(i.e., mV) or immunosuppressive treatments; 

e. prophylaxis against certain infectious diseases (i.e., 
leishmaniasis) that are endemic in certain geographic areas. 

The substantially pxire transfer factor of the present invention 
is usefial in treating a wide variety of pathological conditions in both humans 
and animals. For example, the substantially pure transfer factor of the 
present invention can be used to treat or prevent viral infections, including, 
but not limited to. Herpes simplex, types I and n, Epstein-Barr virus, 
cytomegalovirus measles, human immunodeficiency virus (HIV), and other 
viruses that cause disease in humans and animals. The substantially pure 
transfer factor of the present invention can be used to treat or prevent fungal 
infections, including, but not lintited to, Candida albicans, Histoplasma 
capsulatum, coccidioidies immitis, and Pneumocystus carinii. The 
substantially pure transfer factor of the present invention can be used to treat 
or prevent mycobacterium infections, including, but not limited to, 
Mycobacteria leprae, Mycobacterium tuberculosis^ and Mycobacterium 
avium complex. The substantially pure transfer factor of the present 
invention can be used to treat or prevent parasitic infections including, but 
not limited to, Cryptosporidia, isospora, leishmania species, coccidia, and 
other parasites that infect humans and animals. 

Certain immunodeficiency syndromes are characterized by 
selective defects in cell-mediated immunity. Patients wifli these disorders 
are susceptible to infections with common ubiquitous microorganisms such 
as Candida albicans, herpes viruses, Pneumocystis carinii and certain 
intestinal parasites. 

The immunologic deficiencies in certain diseases such as the 
Wiskott-Aldrich syndrome and chronic mucocutaneous candidiasis are 
genetically determined and usually are diagnosed within the first few years 
of life. Others are acquired through immunosuppressive treatments, 
immunosuppressive diseases or through unknown mechanisms. 
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Kirkpatrick, et al., have shown that specific transfer factor 
therapy corrects the immune deficiency in patients with chronic 
mucocutaneous candidiasis and these patients resist relapses after their 
infections are cleared with antifungal agents. Specific examples of immune 
deficiency diseases that can be treated with the substantially pure transfer 
factor of the present invention include, but are not limited to, 

a. chronic mucocutaneous candidiasis; 

b. hyper IgE syndrome; 

c. Widcott-Aldiich syndrome; 

Although not wanting to be bound by the following 
hypothesis, it is believed that transfer factors are specific for a particular 
antigen or epitope. Thus, each transfer factOT molecule can transfer 
immunity to a specific epitope. It is believed from the data obtained from 
the substantially pure transfer factor made according to the present invention 
that each transfer factor molecule has a region with a constant amino acid 
sequence. In another region, the amino acid sequence is variable. It is the 
variable region that provides the specificity for a particular antigen. 

By isolating a substantially pure transfer factor that is 
specific for a particular epitope, one can then sequence the transfer factor 
and, uang the sequence data, produce the transfer factor in large quantities 
by either chemical synthesis or by recombinant technology. 

In addition, it is contenqjlated as part of the present invention 
to produce large amounts of a substantially pure transfer factor from an 
immunized animal by the process described herein. This substantially pure 
transfer factor can then be used to transfer immunity to another, non- 
immune animal or human. 

It is important to note that the substantially pure transfer 
factor according to the present invention can be produced from one species, 
for example, bovine, and the substantially pure transfer factor fi-om the 
bovine source can successfully be used to transfer specific inmiuiuty to 
another spedes, for example, a human. 

Although not wanting to be bound by the following 
hypothesis, results suggest transfer factors are produced by CD4+ (L3T4+) 
peripheral T cells. These experiments were performed by isolating 
macrophages, B cells, CD4+ T cells, and CD8+ T cells from actively- 
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sensitized mice, preparing dialysates from these cells, and perfomiing dose- 
lesponse studies for transfer factor activity using these preparations in naive 
recipient mice. Comparison of the titration curves for each dialyzate 
preparation with data on the purity of each cell preparation (from 
cytofluorography) suggests that all transfer factor activity was contributed 
by CD4+ T cells. The major histocompatibility complex restricted 
production of transfer factors is compatible with the notion they are 
produced by T cells. It is believed that transfer factors are encoded by a set 
of germ-line genes in CD4+ cells which are rearranged through processes 
similar to those known to effect rearrangement of other antigen-specific 
molecules. The similar physicochemical properties of transfer factors of 
differing antigen specificities might suggest genes encoding constant and 
variable regions for transfer factors. It is further suggested that transfer 
factors are produced in a clonal manner, and that the transfer factor 
produced by a given T cell will have specificity for an epitope of the same 
antigen as the T cell receptor (TCR) on that T cell. Clonality for transfer 
factor production is compatible with the antigen-specific activity of transfer 
factors. In this regard, it is suggested that different amino acid residues on 
the same epitope-containing peptide are recognized by a transfer factor and 
its corresponding TCR. 

Perhaps the most provocative issue raised by these proposals 
is the mechanism by which the random rearrangement of T cell receptor 
genes might be coordinated with the rearrangement of transfer factor genes. 
Implicit from this model is a specific signalling mechanism between TCR 
and transfer factor genes. There are no data for the coordination of a system 
as complex as this in the literature. In this reg^d, one can conceive of a 
unique set of trans-acting factors which regulate transfer factor gene 
rearrangement. Altematively, one noight envision antigen, recycled TCR, or 
fragments of one of these serving this purpose. Whatever the mechanism, 
this is one of the most enigmatic features for fliis model. As opposed to 
models of random transfer factor gene rearrangement, this model provides 
for the elimination of cells which might otherwise produce transfer factors 
with specificity for autologous antigens. That is, the clonal deletion of 
autoreactive T cells based on their TCR reactivity would also eliminate 
transfer factors having corresponding specificity. In this regard, Bvmtt^^ 
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proposed a germ-line model for transfer factor genes, also proposing clonal 
production of transfer factors, as part of what is often called the 
"minireceptor hypothesis". Other than the issue of coordinated regulation of 
gene rearrangement, the present model closely resembles what is known for 
immimoglobulin and TCR gene organization and rearrangement 

It is believed that transfer factors are not constitutively 
produced, and are not necessary for the inducticm of primary immune 
responses. Transfer factor activity in experimental in vivo systems is only 
evident for preparations from sensitized donors. At minimum, a 10,000- 
fold enhancement of transfer factOT activity for such preparations is 
suggested. Also, the rapid (24 hour) induction of DTH responsiveness in 
transfer factor recipients is not consistent with a natural role for transfer 
factors in inducticm of primary inunune responses. 

It is believed that transfer factors can be obtained from 
msmory T lymphocytes. The kinetics observed for transfer factor activity 
using in vivo experimental models (i.e., the induction of responsiveness 
within 24 h), are consistent with secondary immune response kinetics. The 
failure of transfer factors to induce in vitro T cell proliferation is conxpatible 
with the notion that memory T cells contain transfer factor activity. The 
diminution of memory T cell responses to antigen challenge in the absence 
of periodic antigen-driven T cell activation is compatible with a similar 
decline in the DTH responsiveness of transfer factor recipients with time 
under similar conditions. The rapid induction of DTH responsiveness 
subsequent to administration of highly purified transfer factors may suggest 
that these molecules play a pivotal role in secondary immune responses, 
which is also conipatible with the notion transfer factors may be present in 
menaory T cells. 

In summary, it is believed that transfer factors are encoded 
by rearranged germ-line genes in CD4+ T cells. It is further believed that 
transfCT factors are produced subsequent to primary, MHC-restricted 
sensitization and may be obtained from memory T cells. 

It is believed that under natural conditions transfer factors are 
functional following MHC-restricted antigen presentation to appropriate 
transfer factor-containing T cells. Results from experimental in vivo models 
show transfer factors function in allogeneic, and even xenogeneic. 
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recipients. In contrast, passive transfer of DTH using cloned CD4+ T cells, 
which have been shown to mediate DTH, function in an MHC-restricted 
manner. These results may be reconciled by suggesting that administration 
of exogenous transfer factor in experimental in vivo models may 
circumvent an otherwise natural requirement for MHC-restricted antigen 
presentation before transfer factor functional activity is expressed^ 

It is further believed that following MHC-restricted antigen 
presentation to the TCR, transfer factors participate in reactions which lead 
to a secondary immune response phenotype for transfer factor-containing T 
cells. It is further believed that transfer factors may be released by transfer 
factor-containing T cells into the extracellular milieu, enter nearby naive T 
cells, and exert a similar effect on these cells as they do on transfer factor- 
producing cells. This would be compatible with results fiom experimental in 
vivo models showing administration of exogenous transfer factor stimulates 
DTH responsiveness for naive recipient animals or humans. Entry into 
nai\ T cells might involve an as yet unidentified receptor on the surface of 
these cells which binds transfer factors. Burnetii proposed the existence of 
"minireceptors" which would be complementary in structure to transfer 
factors. Thus, for a transfer factor of a given antigen speciBcity there would 
exist a minireceptor which would bind that transfer factor specifically. For 
the model presented here, a non-polymorphic receptor is proposed. 
Although no evidence is available for such a transfer factor receptor, one 
might envision molecules, such as CD-45R, which are expressed in greater 
quantity on naive than memory T cells as candidates for the receptor. 

It is believed that transfer factors only function in T cells 
with specific!^ for antigen corresponding to that of the transfer factor. 
Thus, although any T cell in tiie vicinity of transfer factor-releasing T cells 
might have the ability to bind and take up any transfw factor, only those 
which have taken up the appropriate transfer factor and are subsequently 
presented with the appropriate antigen by syngeneic antigen presenting cells 
(APC) will respond to the transfer factor activity. 

It is believed that transfer factors participate in T cell 
activation through specific binding of transfer factors to antigen. Results 
from study of the genetic regulation of transfer factor activity indicate 
transfer factors can confer a high responder phenotype to low responder 
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mice in systems where tolerance is otherwise manifested through 
determinant selection mechanisms. In cme experiment, DTH responsiveness 
was established for chicken ovalbumin or the ovalbimiin immunodominant 
peptide in low responder CBA/J (K-l^) mice using transfer factor 
preparations from high responder BALB/cBy (H-2d) mice. It has been 
shown that the failure of mice to respond to this antigen is due to the 
inability of antigenic ovalbumin peptides to bind H-l^ class n antigen. 
A^tionally, the results indicate transfer factors bind intact protein antigens, 
including chicken ovalbumin, in a specific manner. Together, these results 
are compatible with a role for transfer factors in antigen presentation to T 
cells. This may occur through the formation of MHC product/transfer 
factor/antigen conaplexes on the surface of APC. Observations of transfer 
factor activity in allogeneic and xenogeneic systems might be compatible 
with the notion that transfer factors interact with conserved portions of 
MHC-encoded molecules distal to the antigen-binding cleft in a manner 
analogous to that i)roposed for superantigen binding to MHC products. 
Thus, an MHC-encoded molecule to which a transfer factor is bound distal 
to the antigen-binding cleft in an orientation which places transfer factor- 
boimd antigen in the cleft might comprise the configuration of a functional 
MHC product/transfer factor/antigen complex. 

Results from experimental in vivo models show that if 
transfer factors interact with intact, homologous antigen in solution prior to 
administration to recipients that transfer f acttjr activity is abrogated. These 
results suggest that transfer factors must interact with incmiune system 
components prior to interaction with antigen. This would be compatible 
with results showing transfer factors must be administered prior to antigen 
challenge for DTH responses to be observed subsequratiy. Alternatively, 
this phenomenon may not be relevant under physiological conditions, and 
transfer factors may normally interact with antigen in vivo with full retention 
of transfer factor activity. The utility of a transfer factor antigen-binding 
function may be to reduce antigen con5)etition for antigen presentation. That 
is, the binding of transfer factors to foreign antigens may facilitate the 
presentation of these antigens to T cells under conditions where an 
abundance of autologous antigens might otherwise con^te effectively for 
binding with MHC molecules. 
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In summary, it is believed that transfer factor functional 
activity is enabled following MHC«restricted antigen presentation to transfer 
factor-containing T cells. This activity would be manifested in transfer 
factor-containing T cells through mechanisms resulting in a secondary 
immune response phenotype for these cells. It is also believed that transfer 
factors are released by stimulated T cells into the extracellular milieu where 
they bind to a transfer factor receptor molecule on the surface of nearby 
naive T cells. Following MHC-restricted antigen presentation, it is believed 
that these cells will also adopt a secondary immune response phenotype. It 
is also believed that transfer factors released by T cells have a role in antigen 
presentation which may be manifested through the specific antigen binding 
activity of transfer factors and facilitated through the formation of MHC 
product/transfer factor/antigen complexes on the surface of antigen 
presenting cells. 

The purification strategy was based on several 
considerations not considered by the prior art. The defining and most well- 
established assay for transfer factors is an in vivo assay for delayed typed 
hypersensitivity. Therefore, there was a need to preserve the biological 
activity of the transfer factors throughout the purification process. Second, 
the in vivo assay for transfer activity has traditionally been performed using 
a single dose sample. Whereas this approach provides important qualitative 
information on the presence of transfer factor activity, it was necessary to 
develop a quantitative assay to properly monitor the purification process. 
Third, early experiments indicated only picomolar quantities of transfer 
factors were obtained from gram quantities of tissue. F ihermore, 
methods were sought which would yield material of sufQcient quality and 
quantity for biochemical characterization and structural studies. In the 
interests of minimizing sample handling, and therefore minimizing non- 
specific sample loss, volatile buffers were used throughout the purification 
process. It was also found that conventional high pressure liquid 
chromatography solvents, such as trifluoroacetic acid and acetonitrile, 
inactivate transfer factors. It was therefore necessary to devise a new 
solvent system that would allow purification of the transfer factor while not 
affecting the biological activity. 
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Fourth, preliminary data indicated that even samples 
containing relatively large quantities of transfer factor activity absorb only 
small amounts of light at wavelengths over 235 nm. Thus, 
chromatographic solvent systems were selected which have utility at short 
wavelengths. The strategy that was developed is shown in Fig. L It 
should be noted that in Rg. 1, the two hi^ pressure liquid chromotography 
steps can be reversed, i.e., the polytypic (gel filtration) high pressure liquid 
chromotography can be performed first and the reverscd-phasc high 
pressure liquid chromotography can be performed second In some cases, 
the desired specific activity can be obtained after the affinity purification 
step. 

Specific activity is defined in terms of transfer factor activity 
per absorbance unit at 214 nnx This measurement of specific activity was 
developed because substantial portions of the samples would have been 
required to make conventional protein determinations, and because 
absorbance of short wavelength UV light is an accepted, non-destructive 
means for the detection of peptides and proteins. Development of this 
system for relating transfer factor activity in units to protein concentration 
allowed specific activity to be monitored throughout the purification 
process. 

Briefly, the isolation procedure is a method of producing 
substantially pure transfer factor comprising the steps of contacting a 
transfer factor-containing sample to an immobilized antigen to which the 
transfer factor binds specifically undn conditions favoring binding of 
antigen-specific transfer factor to the antigen to form a transfer 
factoriantigen complex. The antigen-specific transfer factor is then 
separated from the complex. The antigen-specific transfer factor is then 
applied to a first reversed phase, high performance liquid chromatography 
column. The antigen-specific transfer factor is eluted fi-om the first 
reversed phase, high performance liquid chromatography column and is 
then applied onto a second, gel filtration, high performance liquid 
chromatography column. The two high performance liquid chromatography 
column steps can be reversed. The substantially pure transfer factor is then 
eluted from the second high performance liquid chromatography column. 
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the antigen-specific transfer factor having a specific activity of at least 5,000 
units per absorbance unit at 214 nm. 

The following specific examples will illustrate the invention 
as it applies to enhancing the immune response of an organism to small 
haptens. It will be appreciated that other examples wUl be apparent to those 
of ordinary skill in the art and that the invention is not limited to these 
specific illustrative examples. 

Example 1 

This example explains the preparation of crude dialysates 
which contain transfer factor. 

FoUowing Petersen et al.42 groups of 100-150 BALB/cByJ 
mice, 8-14 weeks old, which had been maintained on water and pellet food 
ad libitum, were "sensitized". This means that either ferritin or chicken egg 
albumin in aqueous solution was emulsified in equal amounts of Hank's 
Balanced Salt Solution (HBSS), and Freund's complete adjuvant. Each 
mouse received 100 |ig of the sensitizing antigen in a 40 |il volume, which 
was injected into two sites at the base of the tail, subcutaneously. After three 
weeks, six mice were selected randomly and were subjected to a delayed 
type hypersensitivity assay. This assay involved injection of 100 |ig of 
antigen in 25 jxl of HBSS, which was injected subcutaneously into hind 
footpads. Contralateral footpads were injected with 25 Jil of HBSS. The 
antigen used in the assay was the same one administered to the mice 
previously. The footpad thickness was measured before and 18 hours after 
injection, using a dial gauge micrometer. Scores were taken from the 
difference between these values. Previous experimental work by Petersen et 
al had shown that maximal sweDing occurs 18-24 hours after injection. 

If the subject mice had footpad swelling responses to the 
antigen significantly greater than the response to the diluent Op<0.05), all 
mice in the group were sacrificed. Spleens were removed aseptically, and 
single cell suspensions were prepared by gently forcing the cells through 
stmle 60 mesh stainless steel screens. The cells were washed three times 
with HBSS, an aliquot was removed, and mononuclear cells counted using 
trypan blue as vital exclusion dye. Overall viability was always greater than 
90%. Cells were then suspended in sterile purified water in 50 ml sterile 
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propylene centrifuge tubes, and lysed via repeated freezing in dry ice - 
ethanol baths and thawing in 37°C water baths. When microscopic 
observation confirmed that lysis was essentially complete, the lysates were 
placed in dialysis bags which had previously been boiled in purified water. 
These bags had molecular weight cut offs of 6000-8000 Daltons. Dialysis 
was carried out at 4°C against 50 volumes of sterile purified water under 
constant stirring for 24 hours. This was conducted twice, serially. The 
dialysates which resulted were pooled and lyophilized, and the lyophilized 
material reconstituted to 10^ mononuclear cell equivalents (ce)/ml, using 
purifiied strale watCT. After sterilization by passage through a 0.22 |im 
filter, and confirmation of sterility by testing an aliquote on blood agar 
plates, the cells were stored at -20°C 

Example 2 

The dialysates were assayed for transfer factor activity as 
described by Kixkpatrick et al.^ the disclosure of which is incorporated by 
rcfcrcnce.^3 

Volatile solvents were removed firom samples by 
lyophilization. Samples were brought to a concentration of 10^ 
mononuclear cell equivalents per mililiter using sterile purified water as 
diluent. Test materials were administered to mice by intra-peritoneal 
injection of 1.0 ml sample per mouse. Six mice were used for each data 
point unless indicated otherwise. The assay for delayed-type 
hypersensitivity was initiated 24 hours following injection of transfer factor 
saniple. 

For purposes of quantitating recovery between purification 
steps, one unit of transfer factor activity was defined as the material 
producing a half-maximal footpad swelling response from a dose-response 
curve of logio of the mononuclear spenocyte equivalents versus the 
increment of footpad swelling. With the exception of the crade dialysates, 
the various purified preparations contained such small amounts of protein 
that substantial proportions of the samples would be required for 
conventional protein assays. For purposes of this application, the specific 
activity of the preparations is described in terms of the nximber of units of 
transfer factor activity per absorbance unit at 214 imi. The various volatile 
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solvents were removed from samples through lyophilization. The samples 
were dissolved in purified water for absorbance measurements. These 
absorbance measurements were made using self-masking quartz glass 
microcuvettes (type 18M-S; NSG Precision Cells, Inc., Farmingdale, NY) 
and a Gilford model 260 UV spectrophotometer (Gilford Instrument 
Laboratories, Inc. Oberlin, OH). 

This assay is the protocol used for all tests of activity 
described herein, whenever reference is made to an "in vivo transfer factor 
assay". 

Example 3 

This example describes affinity purification of transfer 
factor, following Kirkpatrick et al., which is incorporated herein by 
reference,44 teimulon 2 Removawell strips were filled with antigen at a 
100-200 jiM concentration in a 0.05 M sodium carbonate buffer, pH 9.6, 
Wells were incubated overnight at 4°C in a humid chamber, followed by 
washing three times with a PBS-TWEEN 20 solution (0.15 M PBS, pH 
7.4, 0.5 ml TWEEN-20/liter). Bovine semm albumin was then added at a 
concentration of 100 mg/ml. The wells were incubated at room temperature 
for one hour to saturate remaining protein bmding sites. 

This was washed three more times with the PBS-TWEEN 
solution. Then, spleen cell dialysates containing transfer factor were applied 
at 10^ mononuclear ce (cell equivalents)/ml and at a volume of 300 |iL 
Dialysates corresponded to the antigen that had been added previously, e.g., 
cell lysates firom animals immunized with ferritin were used with ferritin 
treated strips. The strips were then incubated at 4°C, 24 hours in a humid 
chamber. 

The wells were washed two more times with PBS-TWEEN 
20, and then once more with PBS. Following this, 300 |il of acetonitrile 
were added* and the wells were incubated for ten minutes at room 
temperature. Supematants were removed, and an amount corresponding to 
2.4 X 10^ ce (2.4 teS) were set aside for the in vivo transfer factor assay 
described above. Samples were dried under nitrogen in a 37°C water bath. 
The samples for the assay were reconstituted to 10^ ce/ml, using purified 
water. The material used in further purification steps was dissolved in from 
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1-5 ml of 5 mM ammonium bicarbonate. The use of this material is 
described herein. 

Example 4 

Affinity purified transfer factor was then applied to rcvarsed 
phase high pressure liquid chromatography. It should be noted here that use 
of conventional column solvents, Le., trifluoroacedc acid and acetonitnle, 
results in inactivation of the transfer factors. Therefore, a new solvent 
system for running flie columns had to be devised to preserve transfer f actOT 
activity. 

Between 10 and 30 x 10^ ce were dissolved in a 0.2 to 0.5 
ml volume of purified water, and this was applied to a 4.6 x 250 mm 
Vydac, 218TP54 octadecylsilane column, using 5.0 mM ammonium 
bicarbonate at flow rate 1.0 ml/min. Fractions were collected at 1 minute 
intCTvals, and UV data permitted detection. This was done via UV spectral 
data taken over 1,0 second intervals, between 203 and 280 nm, and 
monitoring absorbance at 214 imi. 

Results not shown here demonstrated that when 5 mM 
ammoniimi bicarbonate and acetonitrile were used, with acetonitrile ranging 
from 0 - 60% of the eluate, all transfer factor activity eluted in the void 
volume. As a result, elution was carried out isocratically using 5 mM 
ammonium bicarbonate, and the unretained peak collected. Aliquots, usually 
containing 2.5 x 10^ ces, wCTe set aside for transfer factor in vivo transfer 
factor assays* The remainder was lyophilized, reconstituted using 1.0 ml of 
10 niM formic add, and retained at -20°C for further purification by 
polytypic high pressure liquid chromatography on gel filtrate columns. 

Example 5 

This example is directed to the purification of transfer factor 
using polytypic high pressure liqmd chromatography on gel filtration 
colunons. 

The manufacturer of the colimins recommends an eluent 
ionic strength of at least 0.1 M to minimize non-specific interactions 
between sample components and the column bed material. Optimal 
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resolution of the transfer factor samples was achieved using a ten fold lower 
ionic strength than that recommended by the manufacturer. 

To accomplish this, 20-30 x 10^ ces of mononuclear cells 
were applied in 0.2 to 0.5 ml volumes to two 7,8 x 300 mm gel filtration 
high pressure liquid chromatography columns, linked in series. This was 
eluted with 10 mM fomiic acid, pumped at a flow rate of 0,5 ml/mm. This 
system had a void volume of 12,2 ml and fractions were collected at 1,0 
minute intervals, detection being accomplished as indicated above. 

Example 6 

Comparative data were obtained by using the ion pairing 
agent TB AP and a 4.0 x 300 mm octadecylsUane column for reversed phase 
high pressure liquid chromatography. Gradient elution in pilot experiments 
using 5 mM TBAP as starting solvent and 80% acetonitrile as final solvent 
indicated that all transfer factor eluted prior to a 25% (v/v) acetonitrile 
concent" ition. Linear gradients were performed using 5 mM 
TBAP/acetonitrile (92:8; v/v) as solvent "A" and 5 mM TBAP/acetonitrile 
(75:25; v/v) as solvent "B". Gradients were of the form: 0% B (10 
minutes), 0-100% B (5 minutes) and 100% B (5.5 minutes). Flow rate was 
0.5 ml/min, detection being carried out as described above. 

Example 7 

A molecular weight determination was carried out using an 
adaptation of gel filtration high pressure liquid chromatography 
methodology developed by Meyerson et aL^^ Individual samples were 
passed through two 7.8 x 300 mm gel filtration high pressure liquid 
chromatography columns linked in series, using 50 mM potassium 
phosphate buffer, pH 7.0 with 200 mM NaCl as eluant. Samples were 
dissolved either in eluant or 1.0 mM HCl, depending on solubility. 
Empirically determined flow rate of 0.49 ml/min was used for eluant. The 
void volume was 12.0 ml (24.4 min), and total permeation volume of 22.5 
ml (46.0 min). 
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Example 8 

A microdialysis method was used to analyze purified transfer 
factor preparations. The microdialysis method was a modification of that 
described in Overall."^^ Spectra/por 7 dialysis tubing was cut into small 
squares and washed in purified wata:. Potential peptide binding sites were 
saturated by incubating rinsed dialysis mmibranes at 4®C for 16 hours with 
0,1% (w/v) NasN solution containing 25 iig/ml of a glutamic acid 
terpolymer of Mr 405, together with 25 \igfml of peptide LWMRFA, Mr 
823. Supernatant was discarded, and purified water added to the tube, 
followed by moderate shaking. Rinsing was repeated at least 8 times. 

Following this, a cap of a 1.5 ml microcentrifuge tube was 
punctured usmg the wide end of a heated Pasteur pipeL Samples for dialysis 
ranging from 200 to 1000 |j.l were placed in the tubes, and dialysis 
membrane pieces placed across the open end. The cap was closed, and the 
tube inverted and fixed, using tape to the iimer wall of a dialysis chamber 
containing 500 ml pure water. Trapped air was removed using "u** or hook 
shaped tipped Pasteur pipets, covered with a small piece of tubing. 

Dialysis was carried out at 4°C under constant stirring for 
from 2-6 hours, depending on sample volume. Dialysate was discarded 
and, as needed, the above was repeated. Microcentrifuge tube was removed 
and centrifiiged for 10 seconds in a microcentrifuge. The sample was 
carefully removed using a sterile tipped micropipette. 

Example 9 

Dose-response studies were carried out using the splenocyte 
dialysatcs and affinity purified materials described above. In these 
experiments, the foot pad delayed-typc hypersensitivity assay described 
above was carried out Groups of 6 mice were used for each data point, and 
the testing was performed by injecting the antigen 24 hours after i.p. 
injection of the saii5)le. Responses w^ taken 18 hours after this. 

Background footpad response represents mice which 
received no i.p. sample. This is represented by "0 cc" in Figs. 2 and 3. 
Coefficients of determination are expressed by r^ 
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Figs. 2 and 3 present these data. In each case, "A" 
represents resuhs obtained using ovalbumin specific transfer factor, and "B" 
ferritin specific transfer factor. 

In these data, magnitude of footpad swelling was 

5 proportional to the logio of the dose when crude dialysates were used. This 

was previously observed by Rozzo et al. Coefficients of determination (r2) 
were 0.97 (Fig. 2A) and 0.99 (Figs. 2B); therefore, the data describes the 
relationship well. 

As shown in Fig. 3, the curves were similar, but the 
10 coefficients of determination were lower, being 0.80 for Fig. 3A, and 0.82 

for Fig. 3B. 

Example 10 

Following the purification protocols described above, yield 
15 and specific activity were calculated, also as indicated above. These results 

are presented in Table 1, which follows. Ovalbumin transfer factor showed 
a 46-fold enhancement of specific activity with a 66% yield, while ferritin 
transfer factor gave values of 53 fold and 59%. 

In Table 1, "RPLC" refers to reversed phase liquid 
20 chromatography, and "GFC" to the polytypic high pressure liquid 

chromatography on gel filtration colunms. 
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Table I 

Yield and Specific Activities for Purified Materials 1 



Preparation 


Units TF AU214 


unitstf 


Total Cell 


Total Units 


Individual Cumulativ 


perlO'^ce perlO^ce 


per 


Equivalents 


t.f. 


Yield (%) 












Acdvity 






Ovalbumin Transfer Factor 












Dialysate 


1.370 2.770 


495 


484 


66.3 






Aff. Purified 


910 0.040 


22,800 


470 


42.8 


66 


66 


Fraction 


910 0.037 


24,600 


465 


42.3 


100 


66 


FractionAin 

3 


770 0.035 


22,000 


463 


35.7 


85 


56 


Ferritin Transfer Factor 












Dialysate 


1.020 2.340 


436 


145 


14.8 






Aff. Purified 


600 0.026 


23,100 


143 


8058 


59 


59 


Eracticm a2 


1.270 0.020 


63,500 


130 


16.5 


212 


125 


FractionAin 
3 


600 0.080 


33,300 


123 


7.38 


47 


50 



^ • A unit of transfer factor activity is defined as the amount of transfer 
5 factor-containing sample (expressed in the numba: of mononuclear cell 

equivalents (ce) from which it was derived) required to produce a one- 
half maximal footpad swelling response. Specific activity is defined as 
the number of units of transfer factor activity per absorbance unit at 214 
nm, 

10 Prepared using an ammonium bacarbonate-bas^ ieversed-phase high 

pressure liquid chromatography method. 
3^ Prepared using gel filtration high pressure liquid chromatography 
columns in a polytypic application. 



IS Example 11 

AfiBbiity purified material, as described above, was subjected 
to chromatographic analysis using iplc incorporating 5 mM TB AP as ion 
pairing agent. "TBAP" refers to a tetrabutylammonium phosphate based 
solvent system. In these experiments, 43.2 x 10^ ces were applied in a 400 
20 ^il volume. With reference to Example 6, fractions were analyzed. The 

major chromophore detected at 214 nm. (Fraction 3; time=26,4 minutes) 
contained transfer factor activity. Fractions 1 and 5 also showed the activity 
at much lower levels, as can be seen via refoence to Fig. 4, showing data 
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obtained using ferritin specific transfer factor. The activity was measured 
using the previously mentioned footpad assay* 

These results caused focus to be placed on fraction 3. 

Example 12 

The elution profiles of affinity transfer factors were 
obtained, a typical one being shown in Fig. 5. To obtain this, 23.3 x 10^ 
ce of affinity purified albumin specific transfer factors, using rplc were 
applied in 50 ul volumes. All transfer factor activity eluted in unretained 
peak (fraction A), while contaminants were retained. Transfer factor activity 
was measured using the above mentioned footpad assay. Fraction A 
showed 1733±1.20 x 10-2 mm (p<0.001) swelUng, whereas fraction B 
(impurities) showed 5.5 ±1-61 x 10"2 mm, with p being not significant. 

Example 13 

The fraction A described above was assayed and showed 
only a 1% enrichment in specific activity. Yield, however, was 100%, as 
shown in Table I. These data were confirmed by studies which showed that 
rechromatography of lyophilized, reconstituted fraction A sample showed 
essentially the same unretained peak. 

Example 14 

Fraction A type materials were obtained for ferritin specific 
transfer factor, just as ovalbumin specific transfer factor was obtained. This 
fraction showed 2.75 fold enrichment (Table I); however, there was an 
apparent two fold (212%) yield over affinity purified sample, and 125% 
yield relative to crude dialysate. 

Example 15 

Dose response curves for the "fraction A" for both 
ovalbumin and ferritin specific transfer factors were obtained, as set out in 
Example 9. The results are depicted in Figs. 6A and 6B (ovalbumin and 
ferritin, respectively). Coefficients of determination are 0.96 and 0.97, 
respectively. 
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Example 16 

Fraction A ferritin specific transfer factor material was 
analyzed using a TBAP system. 10.5 x 10^ ce were applied to the column 
in a 100 |il volume. The analysis, as indicated by Fig. 7, contained four 
components which eluted at 4.7, 16.1, 21.3 and 26.4 minutes. Transfer 
factor activity was found in the last of these. After cx>rrecting for solvent 
baseline absorbance characteristics of the gradient, this corresponds to 
approxinaately 90% of the 214 nm absorbing material 

Example 17 

Fraction A material was purified further, using polytypic gel 
filtration high pressure liquid chromatography. To do so, 25,4 x 10^ ce 
were applied to the columns in volumes of 200 |il. The eluant was 10 mM 
formic acid, and an elution profile, for ferritin specific transfer factor 
fiuction A is shown in Fig. 8. Fraction "Am", i.e., the 3rd fraction to 
eluate, contained all of the transfer fac^ activity and was studied further. 

Example 18 

Ferritin specific transfer factor fraction AUI from the gel 
filtration high jjressure liquid chromatography was analyzed, by neutralizing 
50 111 aliquots from individual fractions with 50 mM ammonium 
bicarbonate, and diluted with sterile, purified water to 1.8 x 10^ ce/ml. 
Activity was analyzed for each fraction. **Pre" fractions represent a pool of 
fractions 24 throu^ 32, and "post' fractions 47-60. Transfer factor activity 
was found only in fractions 39-42 (Hg. 9). 

Example 19 

Dose response curves were derived for "Fraction AIU" 
materials (both types) as done in prior expaiments. These results are shown 
in Figs. lOA and lOB for ovalbumin and ferritin specific transfer factor, 
respectively. For ovalbumin, the coefficient of determination, r^, was 
0.86, and one umt of activity per 1.3 x 10^ ce. Ferritin specific transfer 
factor showed r^ of 0.99, and one unit per 1.68 x 10^ ce. These results lead 
to the conclusion that spleens frx)m mice given a single sensitizing dose of 
antigen and containing 0.5 to 2,0 x 10^ mononuclear leukocytes would 
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yield 3.8 x 103 to L5 x 10^ units of transfer factor for ovalbumin. The 
data for ferritin would suggest 3 x lO^ to L5 x 10^ units for comparable 
mice, wherein the purification scheme of Fig. 1 is used. 

Specific activity of the ovalbumin specific fraction was 11% 
less than the fraction A material, but the yield was 85%, suggesting 44 fold 
enrichment. Witii respect to the ferritin specific fraction, specific activity 
was 48% lower than fraction A, but 1.4 fold higher than affinity purified 
material, and 76 fold higher than the dialysate. Yield was 47%, giving a 
cumulative yield of 50%, 

Example 20 

The gel filtration high pressure liquid chromatography 
method of Meyerson et alP was used to analyze the purity of Fraction AIII 
as well as to determine the molecular weight of transfer factor. An elution 
profile of Fraction Am material applied to this system is shown in Fig. 1 1. 
Two peaks were obseved, with the major chromophore (peak b) 
representing 98% of the 214 nm-absorbing material as quantified by 
integrated peak area. As low recovery is frequently observed when very 
small quantities of proteins are subjected to conventional dialysis, therefore 
material from each peak was desalted by a modification of the microdialysis 
method reported by OveralH^ (86) prior to in vivo assay for transfer factor 
activity. In pilot experiments, use of ±is technique resulted in quantitative 
recovery of transfer factor activity (data not shown). After microdialysis, 
samples were brought to a concentration of 4 x 10^ ce per ml and tested for 
transfer factor activity. Activity was detected only for material in peak b. 

This system was used to obtain a standard curve (of the form 
logio molecular weight = 5.7769 - (0.1159)(elution volume); r2 = 0.87; 
Fig. 12), the data for which were obtained by applying 8 individual 
molecular weight markers in separate runs. Chicken egg albumin was used 
to determine the void volume of the system (12.0 ml), while acetone was 
used to determine the total permeation volume (22.5). 

The retention time of peak b was used to determine an 
elution volume (17.98 ml), which was in turn used to calculate a relative 
molecular mass for transfer factors of 4,900 Daltons. Transfer factor 
activity for ferritin specific material coincided with elution volume of 17.98 
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ml (fraction b). Footpad responses by recipients of 4 x 10^ ce for fraction a 
were 5.83 ± 2.31 x 10-2 mm (p is insignificant) and 19.50 ± 1.82 x 10-2 
mm (p<0.001) for fraction b. The peak representing fraction b contains 
98% of the 214 nm absorbing material. 

To determine molecular weight, the same system was used 
to obtain the standard curve shown in Fig. 12, for which data were obtained 
by using molecular wdght markers in separate runs. Hie analysis yields an 
estimated molecular wdght of transfer factor of about 4900 to about 5500 
Daltons. 

Example 21 

Spectral data for purified ^ansfer factors 

An ultraviolet spectrum taken at the maximum of peak b 
(corrected for solvent absorbance) is shown in Fig. 13. These data, 
obtained ftcm 2.5 x 10^ mononuclear cell equivalents of material, show 
relatively littie absorbance at wavelengths greater than 235 nm, including 
wavelengths classically used to monitor transfer factor purifications, such as 
254 nm, 260 nm, and 280 nm. In fact, transfer factors have approximately 
l(X)-fold greater absorbance at 214 nm than at 254 or 280 nm. Thus, 
chromatography solvents which permit the use of low wavelengths, such as 
214 nm, appear to provide substantial benefit in the sensitivity of transfer 
factor detection when monitoring chromatography using ultraviolet 
sp^:trophotometers. 

Example 22 

Antigen specificity of the purified Am fraction transfer 
factors was studied. Mice were injected with a transfer factor preparation 
produced in response to one of cither ovalbumin or ferritin (10^ ce in 1.0 
ml) followed by challenge 24 hours later with ovalbumin and ferritin. 
Neither preparation induced response to the heterologous antigen, but both 
showed the delayed hypersensitivity reaction with the homologous material 
indicating that the transfer factor retained antigen specificity (Fig. 14), 

The transfer factor-containing dialysates described herein 
showed very similar specific activity (ovalbumin: 495 units at 214 nm; 
ferritm: 436 units at 214 nm), indicating extremely potent preparations. The 
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data of Table 1 suggest that the spleen of one sensitized mouse, containing 
about 10^ mononuclear leukocytes, produces enough transfer factor to 
transfer significant delayed type hypersensitivity to at least 1000, and 
perhaps as niany aslO,000 unsensitized recipients. 

The affinity purification step, i.e., where transfer factor is 
reacted with its antigen, causes a loss of about 40% of transfer factor 
activity, but enhances specified activity by about 50-fold. Thus the purified 
transfer factor is extremely specific and very active. 

Affinity purified transfer factor, when used in an NH4HCO3 
based system, was eluted in void volume eluate, indicating the highly polar 
nature of the material. Data obtained for affinity purified ovalbumin specific 
transfer factor shows a slight increase in specific activity, and no loss of 
active material. The ferritin specific transfer factor gave less predictable 
results. The 2,75 fold increase in specific activity, taken with an apparent 
yield of 213%, coupled with decrease in ultraviolet absorbency, may 
suggest, inter alia^ that an inhibitor of the transfer factor was removed. 
Indeed, Rozzo et aL, Borkowsky et al„ and Gottiieb, suggest existence of 
such factors.4^'50.51 

It has been noted that earlier work postulated an 
oligonucleotide residue as part of the transfer factor molecule. While it is 
possible that the described process removed this residue, it would not 
account for the absence of significant 280 nm absorbance, nor would it 
account for the retention of biological activity. Thus, it appears that antigen 
specific transfer factors are peptide molecules having a molecular weight of 
firom about 4900 to about 5000 Daltons. These transfer factors are produced 
in sensitized animals in extremely small, but extremely potent amounts. 

Example 23 

Amino acid composition analysis of purified transfer factor 
Purified transfer factors were analyzed to acquire 
information on the characteristics and properties of these molecules. 
Samples of Fractions 111 (from polytypic chromatography on Sephadex G- 
10) and Fractions AIII (from polytypic high pressure liquid 
chromatography) were used for this purpose. Whenever possible, 
nondestractive methods requiring a minimal amount of sample handling and 
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providing high sensitivity were applied. This was important due to the small 
physical quantity of material available and the need, in some cases, to 
IJreserve biological activity. 

Amino acid composition analysis, reduction and alkylation 
followed by chromatographic analysis and mass spectroscopy, gel filtration 
high pressure liquid chromatography, SDS-polyacrylamide gel 
electrophoresis, and ultraviolet spectral analysis were performed to examine 
the purity and molecular characteristics of transfer factors. The antigen 
specificity of responses by recipients of purified transfer factors was studied 
as welL 

Several strategies were used in efforts to obtain primary 
structure information. This was followed by a series of peptide mapping 
experiments using cyanogen bromide, trypsin or V8 protease to effect 
cleavage, followed by microbore high pressure liquid chromatography. 
Amino acid sequence analysis was p^ormed on the products of these 
experiments. 

A sample of fenitin-specific Fraction IH material comprised 
of a corrected value of 5.3 x 10^ ce was subjected to amino acid 
composition analysis. The results are shown in Table H. The results are 
consistent with a proteinaceous nature for transfer factors, consisting of 
65% polar amino acids. The data suggest that approximately 0.5 pmol of 
transfer factor is obtained &om 10^ mononuclear cells. 

The data were transfonned to mole firaction values through 
normalization to the molar content of phenylalanine. Based on mole fraction 
values, a molecular weight of approximately 5,500 Daltons is predicted for 
transfix factors. 

Potency of purified transfer factors. Since approximately 
6,000 units of ferritin transfer factor activity are obtained from 1 x 108 
mononuclear splenocytes (Table U), and approximately 0.5 pmol of transfer 
factors are obtained from 10^ ce, the results suggest quantities of transfer 
factor on the order of 10^1 ^ moles are sufficient to induce significant 
sensitivity for expression of DTH responsiveness. The results underscore 
the high biological potency of transfer factors. 
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Table H 

Amino Acid Composition Analysis of a Ferritin Transfer 
Factor-containing Fraction III 



Amino Acid 


Quantity 
(pmol) 


No. of 

Residues^ 


Contribution to 

molecular mass 


Asx 


2.3 


1 


133 


Gbc 


10.7 


3 


440 


s 


22.0 


6 


522 


G 


44.4 


12 


685 


H 


5.8 


2 


274 


R 


7.5 


2 


312 


T 


13.8 


4 


404 


A 


19.0 


5 


355 


P 


5.89 


2 


194 


Y 


10.4 


3 


490 


V 


7.9 


2 


198 


M 


8.8 


2 


262 


I 


5.4 


2 


226 


L 


17.2 


5 


566 


F 


3.6 


1 


147 


K 


6.7 


2 


256 


Totals^ 


191.3 


54 


5482^ 



5 1- Data was nonnalized to phenylalanine. 

2. \\r and C are destroyed during hydrolysis and are not included. 
3 • Adjusted for 1 mol wat^ for non-peptidyl residues. 

Example 24 

10 Chromatographic analysis of reduced and alkylated tranter 

factor 

Fraction HI fenitin-specific transfCT factor was reduced and 
allqrlated using dithiothreitol and 4-vinylpyridine, respectively, to obtain 
structural information. The reduced and alkylated sample was applied to an 

15 high pressure liquid chromatography column containing an octadecylsilane 

matrix. Elution was accomplished using 5.0 mM ammonium bicarbonate as 
starting solvent and incorporating a linear gradient from 0 to 60% 
acetonitrile. Fig. 15A shows the elution profile from a reduction and 
alkylation blank sample, whereas Fig. 15B shows that of a reduced and 

20 alkylated Fraction HI transfer factor. The unretained peak was significanfly 

larger for the reduced and alkylated Fraction m than for the blank sample. 
There were no other apparent differences between the two chromatograms. 

The elution of reduced and alkylated Fraction HI in the 
unretained fraction from tiie ammonium bicarbonate-based reversed-phase 
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high pressure liquid chromatography system (Fig, 15B) is consistent with a 
lack, or small increase, in hydrophobicity. 

The unretained peaks were collected and applied individually 
to the Sephadex GIO chromatography system. Figs. 16A and 16B show the 
elution profiles for the control and Fraction HI samples, respectively. A 
single unique peak was observed for the experimental sample (tR = 67.60 
min.). The application of the unretained firaction to the Sephadex G-10 
system resulted in the appearance of a single, retained peak (Fig. 16B) 
relative to the blank (Fig. 16A). There appears to be a shift in the retention 
time for the reduced and alkylated Fraction in relative to native Fracticm HI. 

Example 25 

SDS - Polyacrylamide gel electrophoresis analysis of 
purffied tranter factors 

SDS-polyacrylamide gel electrophoresis analysis of Fraction 
Am materials was performed under non-reducing conditions. The results, 
shown in Fig. 17, support those observed using analysis by gel filtration 
chromatography. A single band was observed for each preparation 
following overdevelopment using silver staining. Both preparations 
produced bands which were "negatively" stained and had identical migration 
distances into the separatmg gel, although the band for ovalbumin-specific 
transfer factor was more prominent than that for ferritin-specific transfer 
factor. The apparent relative paucity of amino acids capable of reducing the 
silver fix)mtiie ionic to the metalUc state induced us to subsequently stain the 
gel using Coomassie Blue R-350. This resulted in development of a positive 
image surrounded by a clear zone for ovalbumin-specific transfer factor, but 
some decrease in the band/background contrast for the less-prominent 
ferritin-specific transfer factor band. The results are indicative of a relative 
molecular mass of 5,400 Daltons for both transfer factors and indicate a 
high degree of purity for each preparation. 
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Example 26 

Peptide mapping of transfer factors and purification of 
cleavage fragments. 

Peptide mapping for transfer factors was done using CNBr 
5 to cleave transfer factors. Either fenitin-specific or ovalbumin-specific 

Fraction Am transfer factor was dissolved in acidic solution and CNBr was 
added. Following incubation, the reaction mixtures were lyophijized, 
reconstituted, and applied to reversed phase microbore high pressure liquid 
chromatography. A linear gradient from 0.1% TFA in water to 5^% 
10 acetonitrile in water was used for this purpose. No significant uniqur- :.3ks 

were observed in experimental samples relative to the blank. 

Fraction AIII ferritin-specific transfer factor was incubated in 
the presence of trypsin in order to perform peptide mapping. Elution 
profiles from microbore reversed phase high pressure liquid 
15 chromatography of the reaction mixtures are shown in Fig. 23. Two unique 

peaks were observed for the transfer factor containing sample (Fig. 18B) 
relative to the control sample (Fig. 18A). No amino acid sequence data was 
obtained finom materials from either of these peaks. 

Either ferritin-specific or ovalbumin-specific Fraction AIII 
20 transfer factors, or chromatographic effluent control samples, were 

dissolved in a solution of ammonium bicarbonate and sodium dodecyl 
sulfate. V8 protease was added to these solutions, and the solutions were 
incubated for 18 h. Following incubation the samples were applied directly 
to a 1.0 X 100 mm reversed-phase microbore high pressure liquid 
25 chromatography column containing an octadecylsilane packing, Elution was 

performed using a linear gradient of 5 mM ammonium bicarbonate 
containing 0.01% (W/v) SDS as starting solvent and an acetonitrile/5 mM 
ammonium bicarbonate solution (60:40; V/v) containing 0.01% (W/v) SDS 
as final solvent. 

30 Elution profiles obtained from tiiese experiments are shown 

in Fig. 19. V8 protease digests of 3 effluent controls for ferritin-specific 
transfer factor and 2 effluent controls for ovalbumin-specific transfer factor 
were analyzed using microbore high pressure liquid chromatography. 
Essentially identical results were obtained for all five control samples. Eight 

35 transfer factor-derived peaks were observed for a chicken egg albumin- 
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specific transfer factor digest (Fig. 19B) and ferritin-specific transfer factor 
digest (Fig. 19C) when compared to effluent controls (Fig. 19A). 
Comparing the transfer factor elution profiles to one another, three peaks 
were common to both prqjarations while 5 others were not (Table UX). Of 
ib& 5 peaks, 4 appeared to have distinct, but similar, retention times, and 
appeared to be similar in &eir relative positions within each chromatogram. 
Each preparation produced one peak which appeared conipletely unrelated in 
its retenticm characteristics compared to any in the other preparation. 
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15 



Table HI 
Retention Times for ¥8 Protease 
Digests of Purified Transfer Fragments 



Peak Retention Time Peak 

Designation (min) Designation 

ovalbumm^s^cinc trans^r'^SSo^*"'"'^""''^ 



Retention Time 
(min) 



Fraction AHI 

Pl 7,04 
p2 13.9I 
P3 21.62 
P4 26.63 



p5 
p6 
P7 

p8 



ferritin-specific transfer factor 
Fraction AUI 

pl 4.64 p5 

P2 13.61 p6 

p3 21.02 p7 

P4 26.03 p8 



30.65 
33.36 
44.98 
55.37 



32.25 

34.16 
53.77 
67.09 



1 ^,3 common peaks 

44,6,7pQtgntjaiiy.j^latg(j peaks having similar, but distinct, cliromatpgiai^c mobility 
peaks having unique chromatograi^c motility 



8.9 
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As has been shown, the prior art molecules consisting of 
peptide and oligonucleotide have been implicated in treatment of many 
pathological conditions. It has been shown herein that the purified 
proteinaceous transfer factor does transfer the delayed type hypersensitivity 
to a specific antigen. Thus, the invention embraces the treatment of 
pafliological conditions where an imnxune response is needed or an immune 
deficiracy must be corrected via administering an amount of the transfer 
factor to a non-sensitized individual in an amount sufficient to provoke 
e3qn:ession of cell medial immunity against an andgen. 
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Example 27 

Treatment of chronic or recurrent Herpes simplex infections 
with Herpes-specific transfer factor 

Subject for this treatment have culture-proved cutaneous, 
labial and/or genital infections with HSV-1 or HSV-2. The dosage for 
recipients of transfer factor extracted from immune lymphocytes is 5 x 10^ 
lymphocyte equivalents. This is approximately 50 ng of substantially pure 
transfer factor prepared according to the protocol outlined in Examples 1 
through 20 herein. Recipients of synthesized transfer factor receive 
approximately 50 ng of material at each treatment All preparations have 
potency testing by the quantitative footpad swelling assay described above. 
The injections are given monthly. Monitoring of responses is done with a 
lesion and symptom score card and by monitoring cell-mediated immune 
responses to Herpes simplex antigens. 

Example 28 

Treatment of chronic mucocutaneous candidiasis with 
specific transfer factor. 

The general protocol is modeled after that used by 
Kirkpatrick and Greenberg.52 The subjects are first treated with an 
antifungal agent such as amphotericin B, fluconazole, or Ketoconazole to 
reduce the burden of infecting organisms. 

Specific transfer factor therapy with material extracted from 
immune lymphocytes requires a dosage of 6 x 10^ lymphocyte equivalents. 
This dosage translates into approximately 60 ng of purified transfer factor 
and this is the dosage that is used for synthetic transfer factor. Patients 
receive this dosage monthly for months 1, 2, 3 and 4; then every other 
month for months 6, 8, 10, and 12. Subsequentiy, treatments with the 
same dosage are given at 4 month intervals to maintain remission. 

Example 29 

Treatment of mycobacterial and fungal infections with 

tranter factors 

The rationale for use of an immunologically oriented therapy 
in these patients is based on the observations that cell-mediated immunity 
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and microbiocidal activity may be deficient. The mechanisms producing the 
immune deficiency are only partially understood and it is probable that there 
are somewhat different mechanisms in j^ents with different infections. 

Treatment with specific transfer factor employs 5 x 10^ 
lymphocyte equivalents (50 ng of substantially pure transfer factor) per 
dosage. Treatment with synthetic transfer factors employs 1.2 pgm of 
material that is specific for the infecticm that affects the patient The actual 
dosage of each lot is determined by a potency assay using the quantitative 
foot pad assay. Treatments are administered at monthly intervals and 
ccHitinued until the infection is cured. 

It should be understood that the foregoing relates only to a 
preferred embodiment of the present invention and that num^-ous 
modifications or alterations may be made without departing from the spirit 
and scope of the inventicm as set fortii in the q)pended claims. 
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CLAIMS 



We claim: 

5 1. A substantially pure transfer factor with a specific 

activity of at least 5000 units per absorbance unit at 214 nnL 

2. The substantially pure transfer factor of Claim 1, 
10 wherein the specific activity is at least 10,000 units per absorbance unit at 

214 nm. 



3, The substantially pure transfer factor of Claim 1, 
IS wherein the specific activity is at least 20,000 units per absorbance unit at 

214 nm. 



4. The substantially pure transfer factor of Claim 1, 
20 wherein the specific activity is at least 60,000 units per absorbance unit at 

214 nm. 



5 • A substantially pure transfer factor with a molecular 
25 weight of between about 4500 and 5500 Daltons as deteraiined by amino 

acid analysis, that migrates as a single peak on reverse phase high 
performance liquid chromatography, which has a specific activity of at least 
5000 units per absoibance unit at 214 nnt 



30 

6. The substantially pure transfer factor of Claim 5, 
wherein the specific activity is at least 10,000 units per absorbance unit at 
214 nm. 



35 
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7. The substantially pure transfer factor of Claim 5, 
wherein the specific activity is at least 20,000 units per absorbance unit at 
214 nm. 



8. The substantially pure transfer factor of Claim 5, 
wherein the specific activity is at least 60,000 units per absorbance unit at 
214 nm. 



9- A method of producing substantially pure transfer 
factor comprising the steps of: 

a. contacting a transfer factor-containing sample to an 
immobilized antigen to which the transfer factor binds 

15 specifically under conditions favoring binding of 

antigen-specific transfer factor to the antigen to form a 
transfer factonantigen complex; and 

b. separating the antigen-specific transfer factor from the 
complex, the resulting substantially pure transfer factor 

20 having a specific activity of at least 5,000 units per 

absorbance unit at 214 nm. 



10, The mediod of Claim 9, wherein the transfer factor- 
25 containing sample is first filtered through a filtering means having a 

molecular weight cut off point of more than about 6,000 Daltons, 



1 1 . The method of Claim 9, wherein the specific activity 
30 is at least 10,000 units per absorbance unit at 214 nm. 
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12, The method of Claim 9, wherein the specific activity 
is at least 20,000 units per absorbance unit at 214 nm. 
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1 3 . The method of aaim 9, wherein the specific activity 
is at least 60,000 units per absorbance unit at 214 nm. 



14. The method of Claim 9, wherein the substantially 
pure transfer factor containing saniple is a cell lysate. 



10 15, A method of producing substantially pure transfer 

factor comprising the steps of : 

a. contacting a transfer factor-containing sample to an 
immobilized antigen to which the transfer factor binds 
specifically under conditions favoring binding of 

15 antigen-specific tranrfer factor to the antigen to form a 

transfer factonantigen coir5)lex; 

b . separating the antigen-^ecific transfer factor from the 
CQn5)lex; 

c. applying the separated antigen-specific transfer factor 
20 onto a reversed phase, high performance liquid 

chromatography column; and 

d. eluting a substantially pure transfer factor, the 
substantially pure transfer factor having a specific 
activity of at least 5,000 units per absorbance unit at 

25 214 ma 



16- The method of Claim 15, wherein transfer factor- 
containing sample is first filtered through a filtering means having a 
30 molecular weight cut off point of more than about 6,000 Daltons. 
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17. The method of Claim 15, wherein the ^ecific 
activity is at least 10,000 units per absorbance unit at 214 nm. 
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18. The method of Claim 15, wherein the specific 
activity is at least 20,{X)0 units per absorbance unit at 214 nm. 



19. The method of Claim 15, wherein the specific 
activity is at least 60,000 units per absorbance unit at 214 nm. 



10 20. The method of Claim 15, wherein the substantially 

pure transfer factor containing sample is a cell lysate. 



21. A method of producing substantially pure transfer 
15 factor comprising the steps of: 

a. contacting a transfer factor-containing sample to an 
immobilized antigen to which the transfer factor binds 
specifically under conditions favoring binding of 
antigen-specific transfer factor to the antigen to form a 

20 transfer factonantigen complex; 

b. separating the antigen-specific transfer factor from the 
complex; 

c. applying the separated antigen-specific transfer factor 
onto a gel filtration, high performance liquid 

25 chromatography column; and 

d. eluting a substantially pure transfer factor, the 
substantially pure transfer factor having a specific 
activity of at least 5,000 units per absorbance unit at 
214 nm. 

30 

22. The method of Claim 21, wherein the transfer factor- 
containing sample is first filtered through a filtering means having a 
molecular weight cut off point of more than about 6,000 Daltons. 

35 
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23. The method of Claim 21, wherein the specific 
activity is at least 10,000 units per absorbance unit at 214 nm, 

5 24. The method of Qaim 21, wherein the specific 

activity is at least 20,000 units per ateorbance unit at 214 nm. 

25* The method of Claim 21, wherein the specific 
10 activity is at least 60,000 units per absrabance unit at 214 nm. 



15 



26. The method of Claim 21, wherein the substantially 
pure transfer factor containing sample is a cell lysate. 
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27. A method of producing substantially pure transfer 
factor comprising the steps of: 

a. contacting a transfer factor-containing sample to an 
immobilized antigen to which the transfer factor binds 
specifically under conditions favoring binding of 
antigen-specific transfer factor to the antigen to form a 
transfer factonantigen complex; 

b . separating the antigen-specific transfer factor from the 
complex; 

c. applying the separated antigen-specific transfer factor 
onto a first reversed phase, high performance liquid 
chromatography column; 

d. elutmg the antigen-specific transfer factor from the first 
reversed phase, high performance liquid 
chromatography column; 

e. applying the antigen-specific transfer factor onto a 
second, gel filtration, high performance liquid 
chromatography column; and 

f . eluting a substantially pure transfer factor from the 
second high performance liquid chromatography 
column, the antigen-specific transfer factor having a 
specific activity of at least 5,000 units per absorbance 
unit at 214 nm. 

28. The method of Claim 27, wherein the transfer factor- 
containing sample is first filtered through a filtering means having a 
molecular weight cut off point of more than about 6,000 Daltons. 

29. The method of Claim 27, wherein the specific 
activity is at least 10,000 units per absorbance unit at 214 nm. 

30. The method of Claim 27, wherein the specific 
activity is at least 20,000 units per absorbance unit at 214 nm. 



46 



31. The method of Claim 27, wherein the specific 
activity is at least 60,(XX) units j>ex absorbance unit at 214 nm. 

32. The method of Claim 27, wherein the transfer factor 
ccmtaining sample is a cell lysate. 

33. A method of producing substantially pure transfer 
factor conxprising the steps of : 

a. contacting a transfer factor-containing sample to an 
immobilized antigen to which the transfer factor binds 
specifically under conditions favoring binding of 
antigen-specific transfer factor to the antigen to form a 
tranrfer factonantigen complex; 

b . separating the antigen-specific transfer factor from the 
complex; 

c. applying the antigen-specific transfer factor onto a 
first, gel filtration, high performance liquid 
chromatography column; 

d. eluting the substantially pure transfer factor fi*om the 
first, gel filtration, high performance liquid 
chromatography colunm; 

e. applying the separated antigen-spedfic transfer factor 
onto a second reversed phase high performance liquid 
chromatography column; and 

f . eluting a substantially pure transfer factor fi-om the 
second reversed phase, high performance liquid 
chromatography column, the substantially pure transfer 
factor having a specific activity of at least 5,000 units 
per absorbance unit at 214 nm. 

34. The method of Claim 33, wherein the transfer factor- 
containing sample is first filtered through a filtering means having a 
molecular weight cut off point of mcwe than about 6,000 Daltons. 
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35. The method of Claim 33, wherein the specific 
activity is at least 10,000 units per absorbance unit at 214 nm. 

36. The method of Claim 33, wherein the specific 
activity is at least 20,000 units per absorbance unit at 214 nm. 

37. The method of Claim 33, wherein the specific 
activity is at least 60,000 units per absorbance unit at 214 nm, 

38. The method of Claim 33, wherein the transfer factor 
containing sample is a cell lysate. 
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39- A method of treating a human or animal with an 
infection caused by a microorganism comprising the step of administering to 
the human or animal a therapeutically effective amount of a substantially 
pure transfer factor specific for the microorganism with a specific activity of 
at least 5000 units per absorbance unit at 214 nm. 



20 



25 



is a virus. 



is abac^a. 



is a fungus. 



40. The method of Claim 39, wherein the microorganism 



4 1 . The method of Claim 39, wherein the microorganism 



42. The method of Claim 39, wherein the microorganism 



30 



43. The method of Claim 39, wherein the microorganism 



is a protozoa. 



44. The method of Claim 39, wherein the substantially 
pure transfer factor is adnoinistered by injection. 
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45. The method of Claim 39, wherein the virus is Herpes 

simplex, 

46. A method of preventing an infection in a human or 
5 animal by a microorganism comprising the step of administering to the 

human or animal a therapeutically effective amount of a substantially pure 
transfer factor specific for the microorganism with a specific activity of at 
least 5000 units pa: absorbance unit at 214 nm. 

The method of Claim 46, wherein the microorganism 

The method of Claim 46, wherein the microorganism 

TTie method of Claim 46, wherein the microorganism 

The method of Claim 46, wherein the microorganism 

The method of Claim 46, wherein the substantially 
pure transfer factor is administered by injectioiu 

25 52. A pharmaceutical composition for the treatment of 

infections caused by a microorganism comprising a therapeutically effective 
amount of the substantially pure transfer factor of Claim 1 in a 
pharmaceutically acceptable vehicle. 

30 53. A pharmaceutical composition for preventing 

infections caused by a microorganism comprising a therapeutically effective 
amount of the substantially pure transfer factor of Claim 1 in a 
pharmaceutically acceptable vehicle. 
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is a virus. 

48. 

is a bacteria. 
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49. 

is a fungus. 

50. 

20 is a protozoa. 

51. 
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I. Claims 1-8, 9-38 and 39-45 drawn to a first product of pure 
transfer factor, methods of making and first method of use in 
treating humans and animals for infection. Class 530, subclass 
344 and 417; Class 514, subclass 21; 



II. Claims 46-31 drawn to a second method of using transfer 
factor in preventing infections in humans and animals. Class 
514, subclass 1, 885. . 



III. Claims 52-53 drawn to a second product of transfer factor as 
a pharmaceutical. Class 530, subclass 828; Class 514, subclasses 
885. 



Groups I and II are drawn to distinct methods of use as one Is to 
prevent and the other is to treat infections in humans and 
animals and therefore have developed a separate status in the art 
as shown by their divergent subject matter and different 
classifications. 

Groups I and III are drawn to distinct compositions which have 
developed a separate status in the art as shown by their 
divergent subject matter and different classifications. 

per Rules 13. 1 and 13. 2 do not provide for multiple distinct 
methods within a single general inventive concept. 



